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" Abstract

Light radiated from transient spark discharges varies as

~the conditions vary in time in the source, The observation of the

#ariotionﬂinvtimo 0f the radfation emitted give useful information
concerning thevoxoifation levelav of the variation in intensity o°

the intensity ratioo of the pressure broadening of the wavelength

>'sh1ft of the stark broadening of the selfabeorption vith time of

the spectrum lines, These 1nformationa can be obtained from time

'"-rosolvod spark spectra takon with the 1ntermediato of an electro-

nloally oontrollod high preoision apark source combined with a

.rotating mirror optical system. From time resolved spark spectra

 speotrum linee suitab e *wr spectrochemical analysis can be gelec-

ted on a thooroticnl basis. In timsarosolved spectra the continucus

background orisinating at the beginning of the disoharge 1s gdera-

ratod from tho rest of tha apoctrum. ‘The baokground free spectrum.
fin add'tton to faoilitating the oonstruotion of straight working

curves '1thout baoksround correction is suitable for estimation of

ffﬁﬁ‘minor oonstttuonts 1n motals and alloys. The baekground separated
oj;‘from the root of tho epootrum oan be used as 1ntornnl otandard in
57?'spootroohom1oa1 analyuls. As oxqmplo by using bnokaronnd a8 1nterna*

f;standard workins curvoo for the oatimation of 1mpnr1tieo in alu-
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The time resolved apark spectra enebles the observation ani
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Irtroduction

With the aid of higc: praggsién high voltage spark ::.:
time resolved spark spsntra cac te produced in photograpiis wsa;.
of phenomena impossible in rcommeon prastice. Moreover a peas it i
présepﬁs itself with'thé application of time resolved spark :
to improve the apectrochemical analysis-reép. fo employ new muiyf%.
The purpose of preseant paper ié %o reviéwvtbe work related *o tiy-
resolved spark spectra proiuced with the method worked out f. *!:
iaboratbry of the author, | |

In spectroscopic praétice, where the alm isg abeve a:l -.

- production of line épestravtne instantenous value of the easr.y

used for light excitation is relétivaly small, Thus the produstin-

. the _
of lire spark spectra is effectiuated by means of/éischarge of o~

dengers storing relatively low blectriealkenergy-through Epark laT.
To obtain apeétra with‘relativély low energy spark discharges
hundreds ahd thousands of sparks are needed to produse adequa’s

density on the photographic plate. Since fer the investizatioxs

. ‘of time resolved spark spectra a time resolution of an order of

magnitude of microssconds or even a smaller one is needed, this

8ignifies that hundreds or thdusands of time resolved spectra are

to be photographed each on another with such a precision that the

“resolution desired ghall be kept. Therofofovtoiaohiave the desired

precision however an eléctrﬁnioally controlled spark source

‘operating with high precision is required, Teking into account

the photographio method the time resolution of spectra ie carried
, a . : '
out with the aid of rotating mirror.

*
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m ar fwval wmem-e@% ter sﬁa ménet‘toa of time
O : rssolvea asm mpoﬁa ia ahown in ngm &ém ‘lowsr part of the
|  figure a!mss m deémméany centrolled high preeision spark
} ‘ geurce, mxae tﬁe mer pam 111*.13&:'9,%93 the opticel arrangesment,
o ﬁiae% %he @ark sgurce in qneaﬂw has Been proviously
Q . deaorlbeﬁ in astan /1 2,3 4,5/ and because ths prinsiple of ope-
ration of m opnm mmemnt haa beea deseribed too /6/ for
the eake M eé@let@neas the mblsm uu ba dealt vi% only

"' 1‘ . . L E LR " A
! LR # : ; o

BQMQ Wﬁ ﬂt ﬁwo 1, G 19& ﬁh@ eondanaer'

i »u 1 ‘ﬁ;@fl g
&ﬁ un r% t £

’Mm m 3@5 m@ 1,5 brid@ed over by
46 & tiyratron tube $n the plate aiteuit of which

v‘! : _ :
the msiata&ée g&-‘ta 1nserted. Thé thyratron Wbe ta blocked by
O moand. of the asgabm blas fod nto 1ts grid,

!"

“

' @ %dgutgd L that in
b:m m mn ocour, It
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n5i“g vol tage of oondenssr 6 will apyaar on the terminals @P ra.

-jsisuance R4 resp. on the lower half of tha tsin controllirg Gl
,wlaaa the path at discharge of condenser c will be RS = G - G

@gjn the terminals of RS viz. on the analyttcal apark gap 4, so A
'7 will break dowa tae and after proaegdiﬂg nn the way A-G-~0G,

of the spark gap A is normal to the plane of the figure, This ws
~the apark gap will reaeh the rotating mirror M. 8park gap A resp.

rotating mirrer ¥ onto the slit S1 of the spectrograph and will

e 2008/11/17 ;_%CIA-RDR8OT00246AOO150Q2_9000173

(S

gap G, conaeqa@ntly 1t will break down taoe After this has tsahn »:b

Aftar that noment however the ahargins voltage of C will appear.

O discharges and supplies the exeitatieﬁ‘anetgj. Phe discharge
circui® 1a pletted on the figure in th&gk lines.

'_ The oparation or the optical syatem is the fallowing.
Light caming from spark gap‘A raachea«:otating mirror M driven -
by & syoohronous metor D.,Beforé the spark gap A the slit s2
parallel to the plane_or the riéuﬁa is piade&. Tha.aymmetry arie

1t can be achlieved. that light arising only from a certain part o

ths part of mhs Eﬁﬁrk gap aefeeﬁad aue by 5li¢ 52 ia 1magaa Ry

draw

the.spark‘aftér the resolution agocording the wavelength taking

. plaze at the priem D appears on the photographie plate P. |

 ene scnn@ctibh'batﬁ@en the spark source and the opttoal
system is establiéhed'by photocell I, This bdcurs in the following -
.way° The Yight cuming from light source H.falla onto rotating

mirror M with the aid of Ehi&h it is proj@cted onte photocell T.

The photoourrent supplied by @heto@ell I end amplified by ampliic:
" K 1s uséd to control tha grid of thyratron tuha VE. Phase relation

are adjusted in such @ manner that eandonser 0 1s loaded up dx»~ﬁ,fﬁ
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streice 1¢ in time along of -the same. The time resolved image nf,;gf}
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i ﬁm'iuﬁ whea the exaitaticr o rront passes through Tsro vil o ..
T .srefire cne part of thess lines 11 redlate for a time - -
m.oarefire one rarl 2T LBES LT

deratly Long saciigh svarn afier ithe spark discharge has ceasc?

<:> szint. Similar 1ines will apnear %¢c the largest extent 1n tns

milZdle of the spark gap, betause until the vapours iste froo * o=

1

{s

atisde will arrive as far as Lsre one part of ihelr ener.;

z%,

]

VL R
<:> | T 1s without any more d;tai‘ed investizationg a 7170

;;a:éignm;, that 1a tize regclved sperk spactra the wldth ~% o=

Linzs dun te varicus excitatlon esnditions pre#ailing {n tos g

zap will vary in its' wiith gtrongly with the time of dischafw:ﬂ\

A3 axamples safve the lines ZnII 2502‘and ZnIl 2557 in flgive &

and 04 3403, 04l 3466, C’dI'}#E?, ¢4l 3610, C4I 2612, C4AT £ -

in figure 4. Th@ appearsnce of the Stark effect due to the - wrri:

particles present in the spark gap ise reaponaibls for these drcedx

nings of large extent as well as fo: the variations in the nrisie.

nings. .

The periodicity of the irtensity of spectrum lires or' .
glzating from the nelghbourhood of the cathode are dus to the

. E %1
vapour jets breaking cut from the cathode. Thege vapour jets will

O

appear during each cycle of the qurrqnt.girculating fn ths it
cnarga cirzuit, Until the metal vapours will rsach the mlddi: -7
the spark gap they will be spread evemnly in the space partly cwing
*o the diffusion and partly in consaquenc; of eddying. This sver

N . _ _
<;/ digtribution of the vapours is promoted to a large extent by *:i-

fa:ﬁ_that at the middle of the spark gap the vapours arrive “-o.

both sléctrodes; Prom the anode the vapeurs will rsach thg riddls

.-,

of the spark gap vith 8 phase‘delay related to the cathods cf RO

elactrio dogroou. SPQotra takan at. the middlo of the apark gap G
ApmovedForRebase2008M1/17 CHAI?DP80T00246A0015002900013
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?vgrows§ Tgé‘$a5ﬁ:a
tgtter
the radiafien aﬁhsara.g avet?s v
<:> 'Jgiw‘ﬂ.ae} Ez*tr&ts% thﬁ varixti? in time cof ﬁh
. ';gin Yo m&ddie of the spar rk gap. 1 i
f!ﬁ figurss 5 i é furt% B T 3elfabaorbed 1~“as san |
aérvn& y wbich howaver tae s&lfahserbad aidth is aﬂallar f“*
-Fage o? the pravieus resznanca 1inese h@ae are ‘the rasene:a |
a8 GdII 2265, thI 2795 and mbII 2302 balonging to tee gae o

-ataﬁtra. : ;'fi,f‘,;;“j,a,.'

}ﬁe‘Tiﬁa ?esolved spectrochamio&l _qlﬁﬂiﬁﬁ

tiﬂn of sgactrum lines.

D-_-
-m-h.w P ] -

A tima raaolvsd spark a*echrum may ba a aatious a*
’:1+§e sr@rtrum analyeer eoncarnlng tha aeleet;on of his ana‘y*:
k}‘nea. Praaent practiea demanstratea thatgin sPectrochemioa;ee
‘,Mlysia Wﬁﬁiﬁﬁ uba"e l arr‘ ‘lmee are employed. 'rhat hw.;xi
*my‘iaved in an: smpirieal way. A tima resolved apectrum anWS;=
“e ar0 1inaa ara much 1959 aenaitive te the excltatian @andi*ieme

then spar& 11nea aro. The raasen for_is thﬁ‘fc;lawing.ﬁTha af

f?hat 13 to say that tha onarayj_¥:‘
5fsparh wili‘run throush aach value ot the excitat

'ng that the Mgneat energy o "‘the: sparx
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L self ST Ca
&oaa nat ahov any/a sorption in the ayectra takan 1n the usua)

way. As a matter of courss the analyat will employ a aeltabsor~t
atn& line for analytical purpoaes anly 1n very exoeptlnnal
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vary in time are aimilarly slibht;y ad@qa&tﬁ for Lslag emp

%n spestrochemical analyses. B Bub hOW@VBr just tire resoivnu

&

”ﬁeatroéhsmical analysis renders the application of cherWL&%,;uf

ﬁkra

.very suitable lines possible in, such a manner that only ths su
part® of thevtime’r@eolvad line will be ntilized.'A charaeterigtf
examplé is the éoﬁpulsory ntilization of the firaf part of sel!-
absorbing lines anly at the beginning ‘of the diacharge.

?he time resolvsd spark spectrnm may be a valuable a’d

ial

in the datermination of the carreﬂt w&velengtha of spactrxm &3

StrongA} diffuse lines become aharp with the diminisbing of

’ exeitation energy thuag an accurata determination of the waveleﬂc

of lines 1is rendered possible. Partioularly suitable examples ary

2923 and ﬂBII 2956 have sintlar behaviour.-fﬁ‘*~

.

R Eha.sggaraxiag or _the baokground‘ the air ggg

o T ]

5O o - - . .---.

and of other ggark lineg_from tho sgark sgg ot gg_“,

” *the ars apgctrna will ramaln. Thia apactrum without baokgroungl

'and frem the potnt or view of spectrochemioal analyais withou

wen B 2n o arvad n» _h
I'LJX-HE VU e
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. ‘ﬁ;ffars from that of flgure 1 as far as batween the rntating i yre
i §=‘_“‘3';and tae slit of spectrograph “l the slit s2 and the imaging 1qw3
,f are iasartad. The apeﬁeure of the alit §g is in parallel Wit“
'me pla:xe of the ngure. o EE
?or sake of aeparating the undesirsd part et the spe*tr
-l*ne 1ight aourcs As reap. 1ts part soreensd by glit § *2 is 1maged'

,an time rasolvea onta tha acreen S Wikh the aid of the soreen.
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v,*a*r:ﬁ:g out analyaes. Ths widtn.ur the slit ot the speutr@gvav'
.iaa 50 mi*Vuns, Presparking time 120 seconds. ?urther workin oke
| ‘i*'ane are the same as at the’ takina of the other apevtrag
| In spectra taken according to, the above described metho: ‘f”\

iia intenaity go of aluminium as well as of 1mpprityvlinas_wtl |

ATe & *?;hsst value in tize, The ratio of these highast intens

T"aguea hae ‘been tormed. A high speed microPhotom@ter of Zeiss 4+

Las tesn wmployed. S1it width of the photomatar was 80 miﬂran:

11t helgat 4 mms.

arkg unnd as_ intarnal standardo

pruagindiing & g -uxyrgagiiy

V‘ani an eleotronically controlled high precision spark aouraa t

saibility to produee a spedtrum from the 1n1tial and a spect

t ::

ntating‘mirror ) onto the plane af the sides of reflecting

rhonbuaes Rl and R2 facing the rntating m!rrar. The phase pov

rtombuses R1 and R2 is imaged by lensss L1 and L2 onto the 308

water lens of”thé_spectrograph. The. task of rhombuses Rp and R~
is tc bring near the twe light beamS»travalling far Qa;h‘from_

- .ancther, §g_ia:tho,allt ot_thé qpqctrogtayhgv_;i

k]
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Io figure 12 a spectrum taken w;th the ald of opticu?
arrancgement 1llustrated in figure 11 is shown. In the upper
spectrum the background, the aparé linee and.the alr lineg ar:
ircludsd, and in %he lowe: pné above all the arc lines are cc: -
tained. _ | |

The basis of the modern spectrochemical analysis forme
the internél etandard line method. The method in guestion is
comfortable an& sgreadle if in the gpestrum to be aaalysed in
proximity to the lines of the alloying elqmant or of the impurities
an adequate ccmparison lino is at dispoaal. If the standard line
is as far in tavolenaxh that the Bonaitivity of the plate varis:
at this distanoo so the forming ot the ratio of intenaitiea will
encounter difficnltiqe. If an adeqnate internal standard line is
not at Quf uiqpoaal such an element has ¢to be‘addaltbtho material
to be analysed whish has the guitable oaﬁpaﬁison lines. This is
similarly a oumbersome yrodbdura. _

Taking 1n€o oanaideration ihe apectrum of figure 12
it can be regarded as quite an evident ides to employ ag internal
standard the 'bacxground of the spark ap&ctru;z. Tf other Aifficultise
would not be éncountoregla very agregble'meﬁhnd éoqld be employed,
since the background of the spark apectra is ewywhere present

' in near proximity of the lines of the alloying or‘im@urity elements,

Thie way in addition Qt iaore }ng t,e aeqaltivlty of the spectro-
chemical analytieaL ‘ R it

the. backgrnund dan

L

- ' . A< {1 . . S
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The aﬁpligabilitgﬁaf the method to spectrosihomica’l

5oulyass can be dscided on the basis of reproducibility measzur ..

- SoRd- I8 maaauraments}of~this fyps has béer carried cut and in
7 Table II1 those results are representsd, which are ohtaiped at
tze occasion of the comparison of the impurity lines of alumiati:

with the backgruund. These date théugh being fairly prelimipary

ones, the resuita of the up tq'date experiments show that the
xﬁthod'oan be regarded asawell enough founded oae for practi;&;
faﬁplicatlon.'In'tigure 13 é detail of thelblhté, where the data
of Table III were bbtainé&'ia tlluatratedo The plafe_gives thé
impression of a good reproduclbllity of tho backgrouad. Iu f?ﬂ
14 and 15 working curves obtained in th;a wéy are 1llu=tra+ed

':f,ﬂ determination of the 1mpur1ties Ou and 51 in aluminium,
_ Taking the spsctra of figure 13 and go at the detern!
'éf:the data included in Table III the‘qxjerimental condigieﬁs}
nievfollowingo In tigura?ll fromythe tfmg resolvad apark_spéctf
a first phase corresponding to 20 ﬁicrdaeconds ﬁas falling dﬁﬁ&
.r“~W‘ua Rl. The tocal length of mirror ¥ is 140 mm, the dist.
i 224 mm, the distance M-R1 330 mm, Prom the vi”upeint of th

‘¥;1gnt yield the adjnatoment in queation cannot bewregarded as
fmnst convenient. A Hilqer Spekker photouster has k&aa ugsed to:
‘divide the light of thé spark into two. beams. Thﬂ bullt in 511

J!

of the original photometer has been reuhved apd %he rhombugés

hat their ad

i aLd R2 were approximated as much one tq other,;/

§‘\

- came nearly into contact. The width of . %Pe slit ;y;

’!;39?97i°“5-°n°°'fi5

. - ".A“' K - il A
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GOncefning the photometering in the spectrum'we note:
Yerce the width of the slit before the analytical gan is 1 rm,
the resolution in time of the time resolved spark spectrum for
TN the sake of the separation of the background diminishes, There-
fore radiation corresponding to a duration of about 20 micro -
secondse counted from the beginning of the spark discharge has
to be diroctod onto the rhombus Rl of figure 11.0w1ng to the
I small time resolution in question, in the part >f thq spectrum
| including the background analysis lines will‘appear also. There.
fore thse coﬁparison with the background takes place slightly
.dieplaced from the analytical line in the direction of the

dispersion,

Some practical remarks,

‘In speotrdéhamical aﬁalyaea it 18 a well known fact,
Phat as a rulp tho more aparklike the discharge the less influ:ucs
is exeroiaed by the mntallurgioal history of the gample and by
the alloying vcttatidna onto . the %nalyttoal results /11/. &
sparkllke diecharge pouever canﬁﬂﬁxplvo a background so signiftvart
. that 1t can algnityqa serious offlyY

This is very chargdteriatic for;ﬁ{uminium and.its alloys which

has been axperiénéed 80 by the J;thor as well as by othars 79/«

o
@
L]
s |
o
§
o
o
-
-
1
«r
«
o
\
=
B
®

signifies a drawback cduoerbﬂh%/fqg‘

abovedegoribed mqthad'in princifigie & perféct solution of the

problem,
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rabla T .
. time resolved/
“an@"t&« sonditlone &t taking the fepectra of fienre:

L]
[ =4
2,‘/,&“? ﬁ‘.,,‘s e

O gapastty of condenser O /tigurs 1/: 10,000 P
.Gh&rgXQg voltage of oon&aase: 07§ | . 20,000 V
5. arking frequency i | o 50/80¢ .
- 1rcuit' vesidual salfinsw Sk

.1¢ tndustion of the ilscharge ©
_ ~of the leads

.

?reqaency of the discharge'eircuit:' about 0.5 Yegaherz

Y x

about 45 mlcrogentnck

puration of one dlschargse o
Spark gAp ° | L ) 8 nm

pomn of the slactrodes : rooflile, g

with edges parallel o
optical axls
Seé@eaing a8l : 0,.&}‘5_ i

1i¢ width ot‘the'spark~gap,/figura 1,52/

spektrographk : ISIP 22, medium type

‘ ’ﬂ!i‘h of the H11% nt the spectrobraph s+ 6 mieroans

Prstographic emulsioen Lgta blau rapid
t figure 5, 1,$ minutes

‘W";a5ure time s 2 zinutes, &

QBeri ition per minute nt tha roﬁaling mlrrer k,: 3000

1 1s n&*h of rotatiag mirror ¥ : 1€ om

mirrur k‘/fi T 1/’1& nraporﬁiw'}3
N 1 : 3 ozbo 8lit Si.

fa;ag»sz is 1&3&0& yy rotating

OQ

6000 a.nd 4500 TeEQETY
tively

1unbsr of sparks naeded for'oné.expoaﬁ:e
stalopef‘:rhigh spesd C
Eaveioptng‘tlmﬁ : 90 seconds

Lavelnping temperature 0% 0

? c ¥ :
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ryound saparataed lv

-

-res o AB toterasl $T&ﬁé&’w ;;d

gpectra was usac.

%'fta arerasz® deviatiosas of lOfmeasu:aments.

goont Averags Line used'~ Aiezr?; léfti?«
dev%atien the sawnle
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